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INTRAOCULAR LENS AND METHOD FOR REDUCING ABERRATIONS IN 

AN OCULAR SYSTEM 



FIELD OF THE INVENTION 



The present invention relates to intraocular lenses and, in particular, to a lens 
design for improved vision. 

BACKGROUND AND SUMMARY OF THE INVENTION 

Intraocular lenses (IOLs) are commonly used in cataract surgery to improve 
vision. When the lens of the human eye develops a cataract which substantially impairs 
vision, the artificial lens is used in place of the natural lens to restore visual acuity. 
Although it is a desire in the art to provide the patient with better visual acuity than 
experienced in the preoperative state, in practice such lens replacements typically do not 
fully or consistently replicate the performance of a natural lens. The IOL does not 
operate in the same manner as the natural lens, i.e., it does not have the ability to provide 
variable focusing capability by changing shape. Accordingly, a great deal of effort has 
been devoted to improving the performance of IOLs in order to approach the visual 
acuity attainable with the natural eye. In this regard, multifocal IOLs have been 
developed to provide correction for both near and far vision. See U.S. Nos. 5,089,024 
and 6,210,005 each incorporated herein by reference. 

It is desirable that IOL design include correction to improve contrast sensitivity, 
e.g., by accounting for aberrational phenomena. See, for example, U.S. Patent No. 
6,224,21 1 which discloses use of aspheric IOLs to reduce spherical aberration of the 
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entire eye system. Further, attention has been directed to offsetting contributions of 
specific surfaces of the eye, e.g., the cornea, to minimize or eliminate wavefront 
aberrations. In this regard, see WO 01/89424 Al . Despite such efforts to correct for 
aberrations, IOL implants introduce other variables to the visual system that prevent 
many patients from realizing the theoretical performance that the modified eye system 
might otherwise provide. Ideally, it would be desirable to reduce the tolerance with 
which surgical procedures permanently center the IOL with respect to the optical axis. 
Better alignment capability would assure more optimal optical performance. In the 
absence of such improved capability other accommodations are sought. 

The use of intraocular lenses (IOL) has become a common practice, especially for 
treating aphakic patients following a cataract removal surgery. Figure 1 represents a 
typical eye with cornea 1, iris 2, lens 3 and retina 4. An IOL is generically in the form of 
a spherical biconvex lens manufactures from one of polymethylmethacrylate (PMMA), 
silicone, or hydrogel. It replaces the eye's natural lens when it becomes damaged 
through one of two accepted surgical procedures. The first, and preferred, is the 
extracapsular extraction method, where the natural lens of the eye is removed while 
maintaining the integrity of at least the posterior portion of the capsular bag and 
preferably the anterior portion. This method allows for better centering and anchoring of 
the IOL in the eye, as the capsular bag remains anchored to the eyes ciliary body through 
the zonular fibers. The second extraction method is the intracapsular where the lens and 
the capsular bag are both removed entirely by severing the zonular fibers from the ciliary 
body. In this case the inserted IOL must be fixed in place through synthetic means. 
Figure 2 shows an aphakic eye with cornea 1, iris 2, IOL 5, and retina 4. The use of an 
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IOL provides a patient with a more natural solution than using either contact lenses or 
spectacles as the IOL stays in situ. 

For many years surgeons were limited to inserting a monofocal IOL which 
because of its fixed focal length required the patient to then wear contacts or spectacles 
to achieve both near and far vision. Recently the introduction of bi-focal or more 
generally multi-focal IOLs has overcome this problem by creating a lens with multiple 
regions of varying power to give the patient some ability to see objects at different 
distances. 

While recent IOLs have addressed the problems of near and far vision, further 
complications exist. These complications are typically in the form of higher order 
aberrations introduced into the aphakic eye, specifically astigmatism, coma, and 
spherical aberration (SA). 

SA is common in any substantially spherical lens because peripheral light 
undergoes greater refraction than paraxial. Figure 3 demonstrates this effect, where a 
light rays 6 strike the periphery of a lens 7 are refracted more than rays 8 striking close to 
the optical axis of the lens. This changes the effective focal point of the lens resulting in 
observed images being blurry. 

In the natural eye there are multiple sources of S A. The first is the cornea which 
creates under-corrected or negative S A. A natural lens typically creates overcorrected or 
positive S A which almost balances the negative S A from the cornea. However there is 
some under-corrected SA remaining which helps the eye to accommodate images at 
different distances through a dithering process. When the natural lens is replaced with an 
IOL, the SA is no longer always balanced. When using a spherical IOL or an IOL 
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having significant spherical regions the opposite occurs, additional under-corrected S A 
is created resulting in the aphakic eye having large amounts of under-corrected SA. 

S A is also problematic in the manufacturing process of an IOL. A manufacturer 
must measure and report the paraxial power of a lens. Paraxial power is measured as the 
reciprocal of the effective focal length of the lens, with the effective focal length being 
the distance between the second principal surface of the lens and its paraxial focus. SA 
complicates this measurement as it blurs the focus with the plane of best focus no longer 
coinciding with the paraxial focus. 

A specific embodiment shown in W.O. Patent No. 0189424 discloses an 
aspherical lens which strives to eliminate all SA in the aphakic eye. This is done by 
producing a lens which balances the SA created by the cornea through the creation of 
overcorrected S A in the lens. While the lens will correct the problems seen in a spherical 
IOL when inserted perfect in line with axis of vision, if tilted or decentered from the axis 
of vision in the eye, it will actually introduce additional aberrations such as coma and 
astigmatism. In the typical cataract removal surgery the IOL is decentered an average of 
0.5mm. 
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DRAWINGS 

Fig. 1 represents a typical human eye. 

Fig. 2 shows an aphakic eye. 

Fig. 3 is shows the effects of spherical aberration 

Fig. 4 is a schematic cross section an eye system incorporating an intraocular lens 
constructed according to the invention. 

Fig. 5 compares spherical to aspherical lenses. 

Fig. 6 shows the lens of the invention inserted into an eye. 

SUMMARY OF THE INVENTION 

According to the invention there is now provided an intraocular lens for 
implantation in an eye wherein transmission of a wavefront of light in a first wavelength 
range through the lens results in introduction of substantially no additional spherical 
aberration to the wavefront. According to one embodiment a lens body has first and 
second opposing surfaces each characterized by the same conic constant. The lens may 
be formed of silicone. 

In an associated method for reducing aberrations in an ocular system, a self- 
corrected intraocular lens is prepared with substantial correction to remove spherical 
aberrations which would otherwise be caused by the intraocular lens. The lens is 
inserted along the optical axis of an eye system comprising a cornea and a retinal surface. 
According to preferred embodiments of the method, images projected by the ocular 
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system include a net undercorrection of spherical aberration with the under correction 
primarily attributable to a positive spherical aberration introduced by transmission of 
light through the cornea. The intraocular lens may be displaced relative to the optical 
axis, e.g., in some embodiments up to 0.8 mm, without introducing substantial 
deterioration in visual acuity of the system. That is, the displaced intraocular lens does 
not introduce any substantial spherical aberrations to the ocular system. 

Generally, in a method for focusing light in an eye a wavefront of unaberrated 
light is provided at a corneal surface where it is transformed to aberrated light by 
transmission through the corneal surface. The wavefront is then transmitted through an 
intraocular lens implanted in the eye without introducing any substantial correction to the 
aberration introduced by the corneal surface. In disclosed embodiments the wavefront 
transmitted through the intraocular lens is transmitted to a focal region near or on the 
retinal surface without substantially modifying the aberration introduced in the system by 
the corneal surface. 

DETAILED DESCRIPTION OF THE INVENTION 

When a spherical lens receives an unaberrated wave front the marginal rays (i.e., 
those rays impinging the lens near its edge) are known to refract more than the paraxial 
rays (those rays transmitted through a more central zone of the lens). A non-spherical 
lens may introduce a positive spherical aberration (termed an under-correction) or a 
negative spherical aberration (termed an over-correction). 

The human eye is a lens system whose components can naturally be in close 
balance with one another with regard to spherical aberration. That is, the cornea 
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normally exhibits a positive spherical aberration and the lens at times provides a 
negative spherical aberration. In distance vision the net contribution will often be a 
slightly positive spherical aberration. For persons not in need of corrective lenses, the 
net result comes sufficiently close to and, in some instances achieves, a balance 
providing satisfactory net correction throughout the entire visual range. 

At a young age it is more likely for an individual to achieve a full balance during 
accommodation, i.e., when the lens bends in order to focus close objects. As age 
progresses and the lens undergoes crystallization, a reduction in the ability of the lens to 
provide a negative contribution to spherical aberration occurs concurrently with the loss 
in ability to accommodate near objects. Consequently, the eye experiences a greater net 
positive spherical aberration, and this degradation may be most noticeable in near vision. 

In the past, the surfaces of IOLs have, typically, been spherical. Accordingly, in 
an eye system, when the cornea receives an unaberrated wavefront, a first positive 
component of spherical aberration is introduced and transmitted to the positive power 
IOL. The IOL transforms the slightly aberrated wavefront to a more positively aberrated 
wavefront which propagates toward the retina. The resulting convergence of rays occurs 
over a somewhat distended focal region with the paraxial focal region occurring at the 
retina surface and the marginal focal region occurring substantially in front of the retina 
surface. 

More recently, it has been proposed that the IOL include an over-correction to 
balance the positive spherical aberration introduced by the cornea. The correction may 
be based on the actual curvature of the cornea or on average or proximate values. See, 
again, WO 01/89424 Al . Although introduction of such a negative correction has been 
intended to provide an improved net balance it is now recognized, in accordance with the 
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present invention, that in many applications such a compensating benefit may be sub- 
optimal. According to the intended design such an IOL will introduce compensating 
spherical aberrations, but because the lens placement will rarely be on-center with the 
optical axis, some higher order aberrations, e.g., coma, will be introduced by the 
decentered IOL and this may noticeably degrade the visual acuity. 

With reference to Figure 4, there is a human eye system 10 that comprises a 
corneal surface 12, an entrance pupil 14, an iris 16, an exemplary IOL 18 and a retinal 
surface 20, all symmetrically aligned along an optical axis 22. The IOL 18, formed of 
silicone, includes anterior and posterior opposing equiconic surfaces. The anterior 
equiconic surface 26 is a convex surface facing the corneal surface while the posterior 
equiconic surface 28 is a convex surface facing the retinal surface 20. Positions along 
the axis 22 are relative to the point at which the posterior surface 28 intersects the axis 
22. Exemplary displacements orthogonal to the axis 22 are shown along a "y 5 * axis. The 
surfaces 26; 28 each have a reduced sag, relative to a spherical shape, so that, overall, the 
lens is substantially corrected for spherical aberration in the visible spectrum. 

Generally, the SAG for each surface 26, 28 may be based on the equation: 



wherein x is the distance (measured from the point at which the surface intersects the 
axis 22, x = 0, to another point on the lens surface; R v is the radius of the lens surface 
and k is the conic constant. Accordingly, Table 1 compares the attributes of the lens 18 
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with a prior art spherical lens. Each is an equiconvex lens formed of silicone with 20D 
power. 



Table 1. Comparison of Attributes Between Prior Art Spherical Lens and IOL 18. 





Spherical 


Aspherical 


Refractive Index 


Air 


1.43 


1.43 




Aqueous 


1.336 


1.336 


Radii 


Anterior 


9.3575 


9.3585 




Posterior 


-9.3575 


-9.3585 


Conic Constant 


Anterior 


0 


-1.17097 




Posterior 


0 


-1.17097 


Lens Body Diameter 


(mm) 


6.0 


6.0 


Optic Zone Diameter 




6.0 


6.0 


Edge Thickness 




0.3 


0.3 


Center Thickness 


(mm) 


1 .2879 


1.2575 


Cross-sectional Area 


(mm 2 ) 


5.773 


5.627 


Lens Volume 


(mm 3 ) 


22.575 


21.999 


Seidel Spherical Aberration 


(microns) 


21.282 


0.090 


Coefficient 









In the present invention at least one surface is aspherical to alter the refraction of 
peripheral rays of light in such a way to minimize spherical aberration (SA). Figure 5 
illustrates the differences between a typical spherical IOL and the present invention in 
terms of their refractive properties. There a light ray 1 1 hitting the periphery of a 
spherical IOL 3 is not refracted onto the paraxial focus 13, causing SA. In comparison, a 
light ray 12 which strikes the periphery of the present invention IOL 18is refracted to the 
paraxial focus 13, limiting SA. Note that there is no difference in refraction for paraxial 
rays of light striking either lens. 

Using aspherical rather than spherical surfaces creates a lens with very little SA. 
While this results in an aphakic eye with a net under-corrected spherical aberration, it 
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will be less than that resulting from using a spherical IOL. This is desirable, as a slight 
amount of remaining under-corrected SA in the aphakic eye gives depth of focus 
compensating for loss of accommodation. Likewise, removing the SA from the lens 
reduces the adverse impacts of decentering and tilt that are typical consequences in a 
cataract removal surgery. This prevents problems with coma and astigmatism that may 
result when the aberrations of the cornea are corrected. By ignoring the corneal spherical 
aberration, the resulting design is more forgiving and has a higher likelihood of success. 

A feature of the IOL 18 and other embodiments according to the invention is that 
the IOL is not designed to eliminate aberrations introduced by an average cornea or a 
specific cornea. Rather, it is recognized that, because IOLs are typicaly decentered and 
tilted, those IOLs which introduce overcorrected spherical aberration (to fully 
compensate for undercorrection introduced by the cornea) will, in the typical off-axis 
orientation, introduce higher order aberrations including coma and astigmatism. After 
typical cataract surgeries, IOLs on average are decentered 0.5rnm and tilted by about 3 
degrees. Occasionally, the implanted IOL may be decentered as much as one mm and 
titled as much as 10 degrees. Accordingly, with complications resulting from such 
substantial decentering and tilt, it is not always beneficial to completely balance the 
otherwise undercorrected spherical aberration of the cornea. That is, effects of the off- 
axis IOL assymmetry may completely offset the intended benefit of on-axis correction 
that should otherwise compensate for aberrations created through the cornea. Higher 
order aberrations may also be prevalent. 

Another feature of the invention relates to resulting systems such as drawn in 
Figure 1 wherein the IOL is ideally centered. Allowing the system 10 to remain 
undercorrected (with respect to the cornea contribution) is believed to compensate for the 
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system's loss in accommodation. That is, undercorrected spherical aberration by the 
cornea creates some depth of focus through which the brain may integrate and interpret 
data to better perceive edges which are not well focused. Patients who have had this 
depth of focus benefit (due to a net undercorrection) in their natural system may notice a 
loss of acuity if the corrected system removes the undercorrected spherical aberration of 
the cornea. With the system 10 such undercorrected, spherical aberration is allowed to 
remain, allowing the patient to process visual information in a manner similar to that 
experienced with the natural eye system. 

Comparisons have been performed between the system 10 and a prior art 
construct formed with an IOL of the type that includes an over-correction to completely 
balance the positive spherical aberration introduced by the cornea when the IOL is fully 
aligned with the optical axis. In these comparisons correction in the prior art system was 
based on the actual curvature of the cornea. The performance distribution of the two 
systems was evaluated at three pupil openings (3mm, 4mm and 5mm), each as a function 
of random lens decentering for a population of 50 samples. The analysis assumed that 
all decentering occurred within two standard deviations, i.e., +/- 0.8mm relative to the 
optical axis. The shift of the retinal focal plane (relative to the on-axis position) was 
calculated for each member in each set of 50 random samples used to evaluate a system. 
The range in this shift was also determined for each 50 sample population. The RMS 
wavefront error was calculated for each sample and the maximum wavefront error was 
determined for 10 percent, 50 percent and 90 percent of each sample population. 

With a 3mm pupil opening the prior art system exhibited up to a 50 micron 
displacement in the focal plane while the range in displacement for the system 10 was 
less than 3 microns. As pupil dilation increased the displacement in the focal plane 
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among population samples continued to range between 47 and 50 microns while the 
focal plane displacement for the system 10 also remained fairly stable, but increasing to 
no more than 5 microns. Thus the relative variability in focal plane displacement (as a 
function of decentering) appears minimal with the system 10. 

More significantly, when compared to the prior art construct, the wavefront error 
of the system 10 was found to be significantly less while relatively stable at various pupil 
dilations. The wavefront error for the prior art construct increased substantially as pupil 
dilation increased. Degradation of the prior art construct is believed to be attributable to 
off-axis assymmetries. Such assymmetries are inherent in designs are intended to correct 
corneal aberrations in the context of substantial on-axis symmetry. Even at a 3 mm pupil 
opening the RMS wavefront error in the prior art construct was up to at least 0.036 
(sigma = .0125) for the 10 percent of the sample having the least decentering. When the 
10 percent of the sample having the greatest decentering was removed from the group the 
range of the RMS wavefront error increased up to at least .055 (sigma = 0.0125). In 
contrast, the maximum RMS wavefront error for the system 10 of the invention at the 
same 3 mm pupil opening only ranged from about 0.026 (sigma = 0.00121), for the 10 
percent of the population having the least decentering, up to less than .029 (sigma = 
0.00121) among the entire sample population. 

With a 4 mm pupil opening the RMS wavefront error in the prior art construct 
increased up to at least 0.1 19 (sigma = 0.0223) for the 10 percent of the sample having 
the least decentering and, when the 10 percent of the sample having the greatest 
decentering was removed from the group, the range of the RMS wavefront error further 
increased up to at least 0.160 (sigma = 0.0223). In contrast, the maximum RMS 
wavefront error for the system 10 at the same 4 mm pupil opening only ranged from 
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about 0.026 (sigma = 0.00166), for the 10 percent of the population having the least 
decentering, up to less than .029 (sigma = 0.00166) among the entire sample population. 

With a 5 mm pupil opening the RMS wavefront error in the prior art construct 
increased up to at least 0.301 (sigma = 0.0376) for the 10 percent of the sample having 
the least decentering and, when the 10 percent of the sample having the greatest 
decentering was removed from the group, the range of the RMS wavefront error further 
increased up to at least 0.376 (sigma = 0.0376). In contrast, the maximum RMS 
wavefront error for the system 10 at the same 4 mm pupil opening only ranged from 
about 0.206 (sigma = 0.00373), for the 10 percent of the population having the least 
decentering, up to less than .220 (sigma = 0.00373) among the entire sample population. 

Table 2 summarizes the comparative results discussed above. Notice that for all 
portions of the population use of the invention IOL results in significantly lower RMS 
wave front errors. Likewise the compensation ranges are all smaller for the invention 
IOL when compared to the typical spherical IOL. The smaller RMS wavefront error is 
an indication that the invention will be less likely to cause coma and astigmatism when 
decentered compared to a typical spherical IOL. The smaller compensation ranges 
indicate that the invention IOL will be more likely to correct a patient's vision even 
when decentered from the axis of vision. 
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Table 2 Comparison of Spherical and Aspherical IOL. 



I Pupil Entrance 


"T * ' 


RMS Wavefront Error 


Compensation (urn) i 


j Diameter (mm) 


90% i 


50% 


10% 




Range j 


i 3 


Typical 


0.0557 ; 


0.0420 


0.0373 




50.17 




Invention 


0.0286 


0.0258' 


6.0254 




2.68 • 


4 


Typical 


0.1689 


0.1284 


0.1199 


i 


49.10 




Invention 


0.0860 : 


0.0832 


0.0821 


\ 


3.17 J 


5 


Typical 


0.3761 1 


0.3149 


0.3018 




47.62 


i 


; Invention 


6.2169 


0.2080 " 


0.2063 


t 





The above results suggest that when an IOL which is self-corrected for aspherical 
aberration is placed in an ocular system the optical performance can exceed that which 
results from placement of an IOL designed to remove substantially all net aspherical 
aberration from the system. 

Referring to Figure 6, the present invention IOL 1 8 will be inserted into the eye 
of a patient to replace the natural lens. Rays of light 15 entering the eye will pass 
through the cornea 1 and be refracted according the Snell's Law. As the cornea is 
substantially spherical, there will be under-corrected SA. Next the ray of light will pass 
through the IOL 1 8 and be refracted again according the Snell's Law. As the present 
invention has no S A, the net SA of the aphakic eye will be unchanged from that 
generated by the cornea. Finally the ray of light will strike the retina creating an image. 

Although limited embodiments of the invention have been illustrated, numerous 
modifications and variations will be apparent to those skilled in the art. For example, 
numerous types of lens designs may be used to construct an IOL according to the 
invention, including rigid biocompatible materials such as polymthylmethacrylate 
(PMMA) and flexible, deformable material, such as acrylic polymeries, hydrogels and 
the like which permit the IOL to be deformed for ease of insertion into a minimally sized 
surgical incision. 
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A biconvex lens has been illustrated but it will also be understood that the 
concepts disclosed herein may be practiced with plane convex designs. The IOL may be 
of the multifocal design type, in which case the principles taught herein could be 
separately applied to differing zones (e.g., near, intermediate and distant). 

Another advantage of the IOL disclosed herein is that by incorporating a conic 
constant less than zero (to self-correct the lens for spherical aberrations), the resulting 
lens profile is thinner than that of a spherical lens such as described in Table 1 . Note that 
the aspherical lens of Table 1 has a smaller center thickness, a smaller cross-sectional 
area and a smaller volume than the prior art spherical lens to which it is compared. The 
smaller profile can be advantageous when surgically inserting the IOL into an opening of 
minimal width. The smaller volume can result in lower net weight for the optic, which 
may help minimize decentering of the optic once it is inserted. 

It should also be understood that the examples provided herein are based on 
approximations, specific lens powers (22D) and wavelengths (.555 nm). These examples * 
are only intended to illustrate relative benefits achievable with the invention. Reference 
to the IOL 10 as having been corrected to remove spherical aberrations is intended to 
mean that there is a relative correction resulting in substantial but not necessarily entire 
elimination of such aberrations. Further, while analyses of performance have not been 
made at all visible wavelengths, it will be understood by those skilled in the art that 
variations are contemplated as a function of the wavelength and such factors should be 
considered when designing an IOL according to the invention. 

It is also to be recognized that, while the preferred embodiments result in an 
intraocular lens that provides no noticeable correction to compensate for spherical 
aberration created by a corneal surface, the scope of the invention contemplates IOL 
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designs which could provide some minor (perhaps up to 50 percent) under-correction 
relative to the over-correction exhibited by a cornea. Accordingly, the IOL may provide 
some minor correction that could partially offset under-correction resulting from a 
cornea in an eye system in which the lens may be implanted. Notwithstanding such 
provision of minor correction for corneal aberration, it is contemplated that the IOL can 
nonetheless provide some beneficial improvement in systems where the IOL is 
decentered or tilted relative to the optical axis. 

Accordingly, the scope of the invention is only to be limited by the claims which 
now follow. 
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I claim: 

1 . An intraocular lens for implantation in an eye, comprising: 

a lens body having first and second opposing surfaces with at least one of the 
surfaces characterized by a predetermined conic constant such that transmission of a 
wavefront of light in a first wavelength range through the lens results in introduction of 
substantially no additional spherical aberration to the wavefront. 

2. The lens of claim 1 wherein the first and second surfaces are characterized by the 
same conic constant. 

3. The lens of claim 1 wherein the first and second surfaces are equiconvex. 

4. The lens of claim 1 wherein the body predominantly comprises silicone. 

5. The lens of claim 1 wherein substantially no additional spherical correction means 
less correction than would be needed to balance undercorrection resulting from a corneal 
surface of an eye system in which the lens may be implanted. 

6. An intraoccular lens incorporating correction along a surface thereof to substantially 
avoid introduction of spherical aberration to a wavefront transmitted therethrough. 

7. The lens of claim 6 wherein the lens provides less than 50 percent overcorrection 
relative to an undercorrected cornea. 

8. An intraocular lens having at least one aspherical surface with a conical constant less 
than zero, said lens having a correction to substantially avoid spherical aberration of light 
transmitted therethrough. 
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9. The lens of claim 8 adapted for application in an eye system including a cornea 
wherein the correction does not substantially compensate for undercorrection created by 
the cornea. 

10. The lens of claim 9 wherein the correction compensates for less than 50 percent of 
the undercorrection created by the cornea. 

11. The lens of claim 9 wherein the correction compensates for essentially none of the 
undercorrection created by the cornea. 

12. A method for reducing aberrations in an ocular system comprising: 

preparing a self-corrected intraocular lens having substantial correction to remove 
spherical aberrations which would otherwise be caused by the intraocular lens; and 

inserting the intraocular lens along the optical axis of an eye system comprising a 
cornea and a retinal surface. 

13. The method of claim 12 wherein images projected by the ocular system include a net 
undercorrection of spherical aberration. 

14. The method of claim 13 wherein the net under correction is primarily attributable to 
a positive spherical aberration introduced by transmission of light through the cornea. 

15. The method of claim 12 further including the step of allowing the intraocular lens to 
displace relative to the optical axis. 

16. The method of claim 15 wherein the displaced intraocular lens does not introduce 
any substantial spherical aberrations to the ocular system. 

17. The method of claim 15 wherein the displaced intraocular lens creates substantially 
no coma in the ocular system. 
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18. The method of claim 15 wherein the displaced intraocular lens creates substantially 
no astigmatism in the ocular system. 

19. A method for focusing light in an eye comprising the steps of : 

providing a wavefront of unaberrated light to a corneal surface; 

transforming the wavefront to aberrated light by transmitting the light through the 
corneal surface; and 

transmitting the wavefront through an intraocular lens implanted in the eye 
without introducing any substantial correction to the aberration introduced by the corneal 
surface. 

20. The method of claim 19 wherein the wavefront transmitted through the intraocular 
lens is transmitted to a focal region near or on the retinal surface without substantially 
modifying the aberration introduced in the system by the corneal surface. 

21. An intraoccular lens for implantation in an eye, comprising: 

an optical lens body having first and second opposing surfaces for transmitting 
light through the lens body to a desired focal region, with at least one of said first and 
second surfaces having a reduced sag so that the lens is substantially corrected for 
spherical aberration in the visible spectrum. 

22. The lens of claim 21 optimally corrected to prevent spherical aberration of light 
having a wavelength of .555 nm. 



19 



WO 2004/090611 



1/12 



PCT/US2004/009736 




Figure 2 Prior Art 
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Figure 3 
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